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NEWELL W. JOHNSON, MDSc., PH.D., FDS., FRACDS, MRCPATH. 
Department of Oral Pathology, L ondon Hospital M edical Co llege (A -K. K. NWJ), London, and Department of Oral Immunology, Guys 
Hospital Dental School (JM 1V) , London, E ngland 
Lymphokines may alter epidermal growth and differ-
entiation contributing to changes such as acanthosis and 
hyperkeratosis. The main in vivo effects of lymphokines 
on epidermal mitotic activity were therefore investi-
gated. Guinea pigs were injected intradermally with an-
tigen-stimulated lymphocyte culture supernatants and a 
partially purified lymphokine preparation in phosphate 
buffered saline (PBS) 18,24, 36 and 48 hr prior to biopsy. 
Control sites were injected with unstimulated superna-
tants and PBS respective ly and the mitotic acitivity d e -
termined by use of a stathmokinetic agent. Both lympho-
kine inj ected areas and controls s howed significantly 
increased mitotic indices compared to untreated skin 
~hich was apparent only at 24 hr. However mitotic 
activity in lymphokine lesions was signific~ntly higher 
than in control lesions. There was no difference in the 
effect on mitotic activity betwee n PBS a nd unstimulated 
culture supernatants. Lymphokine lesions at 24 hr also 
exhibited marked epidermal edema and acanthosis com-
pared to minimal changes in controls. A variable patchy 
parakeratosis developed between 18 and 24 hr in areas 
injected with partially purified lymphokine but not in 
control sites or after inj ection with unpurified superna-
tants. The lymphokine-induced inflammatory infiltrate 
~as mild and consisted mainly of n eutrophils not differ-
ing significantly from that of the control lesions. This 
strongly suggests that lymphokines induce an alteration 
in epidermal kinetics and keratinization by a direct ef-
fect on keratinocytes and not indirectly via the d e rmal 
inflammatory infiltrate . 
A feature of ma ny inflammatory lesions of the skin, such as 
lic h en pla nus a nd cutaneous candidiasis, is an altered pattern 
of e pidermal behavior associated with a chronic inflammatory 
infiltrate. Lymphocytes which ar e often numerous, if not pre-
dominant, in such infLl t rates produce soluble factors known as 
lyrrJphokines upon activation with antigens or mitogens [1]. 
These small nona ntibody glycoproteins have been shown to 
mediate a variety of effects on ma ny different cell types, such 
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as activation a nd migration inhibit ion of macrophages [2,3J, 
cytotoxicity against normal and neoplastic cell lines [4J, stimu-
lation of mitosis in lymphocytes [5J , and activation of other 
cells such as osteoclasts [6J and fibroblasts [7). Although no 
factors have yet been described which have a direct effect on 
epithelial cells, it is conceivable that ly rnphokines could exert 
effects on epithelial growth and differentiation and thus con-
tribute to the pathogenesi of epithelial ch anges such as acan-
thosis and hyperkeratosis. Schellander and Marks [8J have 
shown that a hyperplasia of the epidermis can be induced in 
t he gu inea pig by the inflammatory reaction occurring as a 
consequence of injecting a foreign material into t he corium. In 
the case of cal'ageenan gra nulomata, which are known to be 
rich in prostaglandins [9J both PGE 1 [lO,l1J and PGE2 [12J 
have been strongly implicated a the mediators involved in the 
epidermal hyperplasia [13]. 
Specific immune components of inflamm atory reactions have 
also been shown to play a role in epidermal changes. For 
example, in cutaneous candidiasis in guinea pigs, Sohnle, Frank, 
a nd KU'kpatrick [14J have demonstrated t hat inlI11Une lympho-
cytes infil t rate t he dermis and that epidermal scaling is more 
prominent in these reactions than in those of nonimmune 
a nimals. This might indicate that factors are released from 
immune lymphocytes which either cause abnormal keratiniza-
t ion of epi theljal cells, enhance the mjtotic ra te of germinal 
cells, or have both effects. The small intestine of rats injected 
with Nippostrongylus brasiliensis exhibi ts changes such as 
villous a trophy and crypt hyperplasia in those areas of the 
intestine where parasites are localized [15]. Thymectomized 
rats show no such cha nges even t hough the plll'asites are 
present, thus indicating t hat iocal cell mediated immune reac-
t ions, probably acting via lymphokines, may be mediating the 
epithelial alterations. 
Krueger a nd Jederberg [I6J have recently reported on the 
effects of supernatan ts from a ntigen-stimulated and unstimu-
lated peripheral blood mononuclear cells from normaJ and 
psoriatic subjects on the proliferation of Hela cell cultures. 
They found that the supernatants from both groups contained 
factors which both inhibit and enhance cell proliferation. How-
ever those obtained from subjects with psoriasis had signifi -
cantly less inhibitory and more of the enhancing effect than 
supernatants from normal subjects. The authors suggest that 
the epidermal hyp erplasia seen in psoriasi may result from an 
imbalance of mediator release. The above findings are all con-
sistent with lymphokine action on epithelial cells. 
A delayed- type skin hypersensitivity reaction occurs as a 
resul t of lymphocyte activation and sustained lymphokine 
release. Although t he histology of such reactions has been 
studied extensively in both experimental animals and in man, 
very li ttle attention has been paid to changes occurring in the 
epidermis, except that a mal'ked thickening and acanthosis of 
the epidermis has been noted in a delayed-type hypersensit ivity 
reaction [1 7]. In addition, Groth has shown that in cutaneous 
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allergic reactions of guinea pigs sensitized to 2,4, dinitro chlo-
robenzene, the epith elial cells show a n increased DN A syn t hesis 
[18]. 
Intradermal injection of preformed lymphokine produces 
similar reactions to those seen in delayed -type h ypersensit ivity 
responses, implicating lymph okines as mediators of in vivo 
manifestations of delayed h ypersensitivity [19,20]. In order to 
ascertain wheth er epid ermal ch anges are a lso mediated by 
lymphokines, we investigated t h eir effect on the mitotic rate 
and structure of epidermis in guinea pig skin , following intra-
dermal injection in vivo. 
MATERIALS AND METHODS 
Animals 
19 male Dunkin-Hartley guinea pigs, weighing 400-500 gm were used 
in these experiments. 
Preparation of Lymphokines 
Two sources of Iymphokine preparations were used in these experi-
ments. 
a. Unpurified culture supernatants: Lymphokine-active superna-
tants were prepared from spleen and lymph node cells of Hartley 
guinea pigs which had been immunized 2 weeks previously with 1 ml 
Complete Freunds Adjuvant (Difco). The cells were divided in to 2 
aliquots. One aliquot was cul tured for 24 hr at 37°C in a humidified 
atmosphere of 5% CO2 in air, in flasks containing RPMI 1640 (G ibco) 
with 10 Ilg purified protein derivative of human tuberculin (PPD)/ml 
(Ministry of Agriculture) at a cell density of 5 x 10" cells/ml (Preincu-
bated or P culture). The other aliquot was cultured under the same 
conditions but in the absence of antigen (Reconstituted or R cul ture) . 
At the end of the cul ture period antigen was added to the R cul tUJ"es. 
The cultures were centrifuged and both P and R supernatants (SN) 
were collected, passed through MiUipore fil ters to remove any cell 
debris, dialyzed against RPMI 1640 at 4°C for 24 hI and stored at 
-20°C. In a macrophage migration inhibi t ion assay P-SN showed a 
60% statistically significant inhibition (p = 0.001) compared to R-SN. 
In tradermal injection of 0.1 ml of P-SN into guinea pigs produced 
erythema and induration which did not occur with injection of R-SN. 
b. Partially purified lyrnphohine preparations: These were gener-
ously provided by Dr. R. Wolstencroft, The Rayne Institute, St. 
T homas's Hospita l, London, S.E.l. They had been obta ined from 
bovine gamma-globulin stimulated lymph node cell cul ture superna-
tants which had been antigen-depleted, dia lyzed extensively and lyoph-
ilized [21). The Iymphokine prepamtions were potent in 3 assay sys-
tems: inhibiting macrophage migration ill. vitro, stimulating lymphocyte 
.JNA synthesis ill. vitro and producing a local increase in vascular 
permeabili ty on in tradermal injection in vivo. Just prior to injection, a 
solution was made up of ]50 Ilg/ ml of lymphokine (LK) in phosphate 
buffered saline (PBS). This dose was chosen on the basis of a macro-
phage migration inhibition assay which showed a 33% statistically 
significant inhibi tion of migration at this dose and 0.1 ml of this 
concentration also produced erythema and indu ration on in tmdermal 
injection into guinea pig skin. 
Stathmohinetic Agent 
Vinblastine Su lphate (Velbe) 'in aq ueous solu tion (l mg/ ml) was 
injected intraperitoneally into each animal 4 hr prior to biopsy. Six 
animals receiving i ntrad~rmal injections of P and R-SN , were injected 
with a dose of 1 mg/kg body weight of Vinblastine. Of the 13 animals 
receiving LK injections; 3 animals received a dose of 1 mg/ kg body 
. weigh t, 7 animals 1.5 mg/ kg and 3 a dose of 2 mg/ kg body we ight. All 
intradermal injections and Vinblastine (VLB) ad ministrations were 
caqied out at the same time of day in order to minimize var iation due 
to diffe rences in circadian rhythm, therefore aU biopsies were taken at 
11 AM . 
Intradermal Injections 
Six animals were injected with P and R-SN. The dorsal skin of each 
animal was shaved and swabbed with 70% alcohol. Four sites on one 
side of the vertebral column were injected intradermally wi th 0.1 ml of 
P-SN using a 23 gauge needJe. The injection sites were located 2 em 
latera l to the spine and spaced anteroposteriorly at 2 em intervals. 
Injections were administered 48, 36, 24 and 18 hr before the animals 
were sacrificed. The contralateral sites were inj ected with 0.1 ml R-SN 
at corresponding time intervals and the area of each Injection site was 
marked. 
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Double-skin thickness measurements were made on each site , with 
a 'SchneLltiister' (System Kroplein A02T skin gauge) 0, 4, 6, 12, 18 and 
24 hr after injection . The diameter of any erythema present was also 
measured. 
Animals were killed by cervical dislocation and the dorsal skin 
depilated . Biopsies of P-SN and R-SN inj ected al'eas, as well as un-
treated. skin samples, were taken and fixed for routine histo logical 
proceSSll1 g. 
The same procedure was carried out on another group of 13 animals 
using 0.1 ml of 150 Ilg/ ml so lu tion of LK in PBS. Control sites were 
injected wit h 0. 1 ml PBS which had been shown previously to have the 
same effect on mitotic activity as unstimulated cul ture supernatant and 
therefore could act as an appropriate control. 
6 Ilm serial sections were prepared f!"Om the center of each lesion 
which was located away from the actua l site of injection and stained 
with hematoxylin and eosin. The cente r 6 mm's of five, I in 10 sections 
were counted from each speci men and the mitotic index was expressed 
as mitoses per 100 basal ·cells. A minimum number of 2000 cells were 
co un ted from each biopsy and a ll slides were coded and coun ted by one 
observer in a blind manner. 
RESULTS 
Mitotic Arrest 
Previous experimen ts h ad sh own t hat a VLB dose of 1 mg/ 
kg body weight, injected 4 hr before biopsy, was in the optimum 
range for normal guinea pig skin , i.e., t here was neither any 
escape from arrest nor any obvious degeneration of blocked 
mitotic figures. However, in skin which had been injected with 
LK and blocked with t his dose of VLB, a naphases a nd te lo-
phases were present in som e of t h e specimens, indicating in com-
plete stathmokinesis. Higher doses of VLB of 1.5 and 2 mg/ kg 
body weight a lso showed occasional a na phases and telophases 
but there were present also varying degrees of metaphase 
d egeneration . This made precise identification of mitotic figures 
difficult a nd resulted in a greater variation in counts compared 
to the 1 mg/kg dose. Control s kin which h a d been injected with 
0.1 ml PBS showed no such escape in a ny of th e doses of VLB 
used but a n increasing a mount of degeneration with high er 
doses occurred in both types of lesion . A dose of 4 mg/ kg body 
weight of VLB caused so much degeneration t hat it was impos-
s ible to identify t h e anested metaphases. 
In order to make a comparison between con trol a nd test 
lesions with in th e same a nimals, a dose of VLB which was 
optimum for both control a nd test tissue couJd not be used with 
a 4-hr exposure to VLB. Data were collected from animals 
injected with d oses of 1, 1.5 a nd 2 m g/kg body weight of VLB. 
Epidermal Reaction 
P -SN injected a reas s howed a peak induration 2- 6 hr after 
injection. The mean double-skin thickness rose up to 3.9 mm 
compared to 3.4 mm in R -SN injected areas (p = 0.001) (Fig 1) . 
A mild erythema of approximately 0.5 cm in dia m eter occurred 
2 hr after injection with P-SN only and h a d disappeared by 6 
hr. 
The induration which occurred in LK-injected ar eas was 
more pJ'onounced (mean double-skin t hickness of 4.9 mm com-
pared to 3.7 mm in PBS controls, p = 0.001), occurring slightly 
later at 4-6 hr after injection (Fig 2). At 4 h.r a n eryth ema of 1 
cm in dia.meter was present in test lesions only ane! had disap-
peared by 12 hr. 
18 hr after injection , microscopically t here was a mild infla m-
matory infiltrate present in P-SN, LK and control injected skin 
which consisted mainly of n eutrophils in all cases. 
The inflammatory cells were stric tly limi ted to t h e dermis 
a nd t h ere was no obvious ch ange in epidermal morphology 
except a slight edema in both tests and controls. However a 
dramatic ch a nge could be seen in t h e 24 hr lesions. In t h e 6 
anima ls injected with unpurified culture supernatan t, both P-
S N a nd R-SN treated epidermis showed a n in cl'eased mi totic 
index, a lt hough that from t h e P -SN lesions was greater reaching 
up to 7 times that of normal skin (Fig 3). Although th ere was 
a variation in response between different animals, within each 
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FIG 1. Effect of in tradermal injection of P-SN (e ) and R-SN (x) on 





" " " hour. 
FIG 2. Effect of in traderma l inj ection of LK (~) a nd PBS (\7 ) on 
s kin t h ickness. Vertical bars depict Standard deviations. 
a niInal the number of basal mitoses in P-SN treated areas was 
significantly larger tha n in those injected with R-SN. , 
LK and PBS injected epidermis exhibi ted a similar increase 
in m itotic index at 24 1ll" with all doses of VLB. The val ues for 
PBS injected epidermis were in t he same range as for R -SN 
and s ignificantly lower than for LK (Fig 4, a-d). The variation 
in response was greater in animals receiving higher doses of 
VLB. 
There was also a difference in the morphology of the epider-
mis_ S kin injected wi th both types of Iymphokine preparations 
exhibited marked epidermal edema and acant hosis while in 
con trol lesions there was only a sligh t edema (Fig 5). At this 
stage in test lesions there were very few inflammatory cells 
present in the corium and those were mainly neutrophils with 
occasional lymphocytes and eosinophils. A variable patchy 
parakeratosis was present in LK injected skin which was not 
present at 18 hr and no such change was found in any of the 
con trol sites or after injection of P -SN . 
A t 36 hr the mitotic activity of both types of lesion had 
diminished. Although an occasional small area of parakeratin 
could be seen in the LK lesions, the epidermis was mostly 
" 
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F I G 3. Effect of in traderma l injection of P-SN a nd R-SN on epider-
ma l mi totic activity. Each histogram shows t he mi totic index (M!) of 
epidermis at a parti cular t ime in terva l after injection. The shaded 
p arts represent the MI of R-SN injected areas, while t he clear par ts 
t he MI of P -SN injected areas in t he same anima l at t he same time 
in terval. Each a nimal is represen ted by diffe ren t shading. Where R-SN 
va lues exceed those of P-SN, t his is depicted by dotted lines aJ'ound 
t he histogram. p -values ar e shown sepaJ'ately fo r each a nima l at 24 hr 
and th e vertical bars depict standard errors . 
hyperkeratotic with an increase in thickness due to both edema 
a nd an increased number of cell layers. Control injected areas 
at t his t ime showed less mru'ked changes alt hough edema was 
still present and a minimal acant hosis was also noted. The 
mitotic activity of many of the test lesions at 48 hr had fallen 
to the levels shown by both the controls and normal skin . At 
this time the morphology of R-SN a nd PBS-treated epidermis 
had returned to normal bu t the P -SN a nd LK lesions still 
showed both an increased number of cell layers and hyperker-
atosis. 
DISCUSSION 
The escape from metaphase arrest was seen only when the 
mitotic rate was markedly increased in th e 24-hr lesions. This 
could have been due to factors such as an altered sensitivity of 
epidermal cells to VLB or a shortening of the mitotic phase of 
t he cell cycle. As we were not measuring absolute values for 
mitotic activity in this study, bu t were concerned to make a 
compru'ison between Iymphokine- and control-injected lesions 
within animals, no attempt was made to measure the rate of 
lineru- accumulation of metaphases in 24-hr lesions. T he time of 
VLB blocking was thus kept at 4 h.r which was satisfactory in 
normal skin and produced no degenerating mitotic figUl-es at a 
dose of 1 mg/ kg body weight. 
The shru-p peak in mitotic activity 24 h.r after injection of 
lymphokine could have been due to a shortening of th e G 1 
phase of the cell cycle. In the guinea pig t his is normally a bout 
5 days long but can be reduced to 15 hr by stripping t he 
epidermis with adhesive tape [22]. The duration of the S phase 
is 11 hr so that an increase in mitosis, which was appru-ent at 24 
hr, could correspond to shortening of both G1 and S phases. 
In this study it was not possible to distinguish between any 
direct effect which lymphokines migh t have on epidermal cells 
and those effects attributable to th e lymphokine-mediated cel-
lular infil trate even though it did not differ markedly from t hat 
seen in control lesions. Schellander and Marks [8] have shown 
t hat carageenan and beryllium oxide-induced dermal inflam -
mation causes epidermal proliferation which is maximal 48 hr 
after injection. However, the inflammatory infiltrate in such 
lesions is far more severe than any seen in this study. Although 
previous studies have reported an accumulation of mononuclear 
cells in response to injection oflymphokine [18,19], oUl" fi ndings 
of a neutrophil dominated infiltrate are in agreement with 
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FIG 4. Effect of intradermal injection of LK and PBS on epidermal 
mitotic activity. Data are shown from animals treated with 1 mg/ kg 
b.wt VLB (A); 1.5 mg/ kg b.wt.VLB (B, D) and 2 mg/ kg. b.wt VLB (C). 
Each histogram shows the mitotic index (MI) of epidermis at a partic-
ular time in terval after injection. The shaded parts represent the MI 
FIG 5. Histological appeamncl! of guinea pig epidermis 24 hI' after 
injection of LK (left) showing acanthosis, parakeratosis and blocked 
metaphases, compared to minimal changes in 24 hr PBS injected 
epidermis (right). (H & E x 470). 
Franco, K elly, and Morley [23] who used a 'lymphokine source 
similar to the partially purified LK preparation used in this 
study. 
Recently Khangura et al [24] have shown that the addition 
°E s 
hours 
of PBS injected areas in the same animal at the same time in terva l. 
Each animal is represented by different shading. Where PBS values 
exceed those of LK, this is depicted by dotted lines around the histo-
gram. p-values are shown separately for each animal at 24 hI' and the 
vertical bars depict standard errors. 
of lymphokines to guinea pig skin ill. vitro causes the release of 
histamine. It is known that histamine can cause a slight stim-
ulation of mitosis [25] and although, directly , this effect might 
be minimal, the increased vascular permeability and hyperae-
mia could be a more significant contributing factor in the 
induction of epidermal proliferation [26]. Furthermore other 
workers [23] have shown that lymphokine causes a susta ined 
increase in vascular permeability which is not affected by local 
injection of histamine HI and H2 antagonists. The trauma of 
injection and stretching of the epidermis [27,28] might account 
for the increase in mitosis seen in the PBS injected skin sites. 
The appearance of a patchy parakeratosis in the 24-hr lesions 
is of interest. It would appear to be too early for parakeratosis 
to occur as a r esult of a decreased transit time of keratinocytes. 
However, a histological appearance of parakeratosis has ' been 
described due to the presence of damaged keratinocytes in the 
upper layers of the epidermis [29] so that the present morpho-
logical changes do not necessarily imply either accelerated 
epidermopoiesis or a shortened transit time. It is conceivable 
that LK could act directly to cause cellular damage and as 
parakeratosis was seen only on injection of partially purified 
LK this might imply that the factor responsible was not present 
in t he culture supernatant P-SN. On the other hand lympho-
kines may indirectly produce parakeratosis by the intravasculal' 
stasis accompanying a fully developed inflammatory response 
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which would lead to deficient nutrition of the overlying epider-
mal p late and thus lead to the damage of keratinocytes as seen 
in psoriatic lesions [30]. The enhanced proliferation seen at 24 
hr in LK-induced lesions could be a response to this damage 
which would in tW'n lead to an increased inflammatory infil-
trate. 
The LK preparations used in this study exhibi t an in vitro 
effect on macro phages; although they did not cause a significant 
infiltrate of macro phages in vivo their effect on epidermis could 
still be mediated by macrophage action. The epidermis has a 
resident population of Langerhans cells (LC) with analogous 
functions to antigen-processing macro phages. This has been 
demonstrated on the basis of LC sw-face marker characteristics 
and t heir role in initiating antigen induced T cell proliferation 
and stimulation of mixed lymphocyte reactions [31]. In addition 
to their immunological role, LC's have been strongly in1plicated 
in playing a regulatory role both in the control of epidermal 
turnover [32] and keratinization patterns [33] and this apparent 
dual fun ction may well offer a n explanation for the epidermal 
changes seen in lymphokine-induced lesions. Lymphokines may 
act o n epidermal cells via the LC, and in fact, changes in both 
morphology and numbers of LC's have been observed in LK-
injected epidermis (unpublished observations). 
In our study, one injection of LK resulted in a sharp peak of 
epidermal mitotic activity. In vivo, however, where lympho-
cytes are present in close proximity to the basal cells, there 
would probably be a more sustained production of lymphokines 
due to a persistent antigenic stimulation which might then give 
a more constant stimulation of the epidermis either directly 01' 
via the LC's. Because of t he low numbers of inflammatory cells 
present, it is unlikely that t he inflammatory inftl trate contrib-
uted to the epidermal stimulation, though this possibility can-
not b e ruled out. The present experiments, nevertheless, suggest 
that lymphokine release may be an important component of 
the pathogenesis of those skin lesions accompanied by a cell-
mediated immune response. 
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